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VHQVDWLRQ ZKLFK LV HVVHQWLDO LQIRUPDWLRQ IRU KDQGOLQJ XQNQRZQ REMHFWV RI YDU\LQJ VL]H KDUGQHVV DQG VXUIDFH
WH[WXUH6LQFHPHPEUDQHRUILOPKDQGOLQJLVLPSRUWDQWVNLOOIRUWKHURERWWKHUHDUHVRPHUHVHDUFKZRUNVUHODWHGWR




FDS WZLVWLQJ H[SORULQJ REMHFW VKDSH DQG GHWHFWLQJ KDUGQHVV$OWKRXJK WKLQ VKHHW KDQGOLQJ FRQVLGHUHG RQH RI WKH
PRUH GLIILFXOW WDVNV LQ URERWLFV EHFDXVH RI WKHLU IOH[LELOLW\ DQG WKLQQHVV WKH YHUVDWLOLW\ RI WKH KDQG VHHPV WR
DFFRPSOLVKWKLVWDVN




2.1. Sensing Principle  
6LQFHWKHSULQFLSOHRIRXURSWLFDOWDFWLOHVHQVRUKDVEHHQUHSHDWHGO\H[SODLQHGLQVHYHUDOFRQIHUHQFHVMRXUQDOVDQG








RI WKHPLVFRQLFDODQGFROXPQDUIHHOHU W\SHDQG WKHRWKHU LV IHHOHUPRYHPHQW W\SH$WSUHVHQW WKH IRUPHU LV
DSSOLHGWRDKDQGDUPURERWWRDFKLHYHVHYHUDOWDVNVVXFKDVFDSWZLVWLQJREMHFWSDVVLQJDQGREMHFWDVVHPEOLQJ
7KH IRUPHU VHQVRUXVHV D F\OLQGULFDO UXEEHU HOHPHQWZLWK D KHPLVSKHUH DQG FRQLFDO SURMHFWLRQVRQ WKHSRLQW DQG
ERWWRPUHVSHFWLYHO\
7RH[SODLQWKUHHD[LVIRUFHVHQVLQJZHLQWURGXFH)LJ,IDIRUFHLVDSSOLHGWRWKHSDULHWDOSRLQWQRUPDOIRUFHLV
REVHUYHGE\EULJKW VSRWV FDXVHGRQ WKH FRQWDFW EHWZHHQ WKH FRQLFDO WLSV DQG WKH DFU\OLFGRPH7KHQRUPDO IRUFH
FRPSRQHQW LV SURSRUWLRQDO WR WKH EULJKWQHVV RI WKH VSRWV ZKLOH WKH WDQJHQWLDO IRUFH FRPSRQHQW LV REVHUYHG E\
FHQWURLG PRYHPHQW RI WKH EULJKW VSRWV 6LQFH WKHUH LV DOPRVW QR LQWHUIHUHQFH EHWZHHQ EULJKWQHVV DQG FHQWURLG
PRYHPHQWQRUPDODQGWDQJHQWLDOFRPSRQHQWVDUHLQGHSHQGHQWO\PHDVXUHG
7KXV QRUPDO DQG WDQJHQWLDO IRUFHV DUH PHDVXUHG IURP DQ LQWHJUDWHG EULJKWQHVV RI WKH LPDJH GDWDG DQG WKH
FHQWURLGPRYHPHQW RI WKH EULJKW DUHDZKLFK LV H[SUHVVHG E\ xu DQG yu LQ ORFDO FRRUGLQDWHV HPEHGGHG RQ HDFK
VHQVLQJHOHPHQW:HDVVXPHWKDW WKUHHFRPSRQHQWVRIDSSOLHGIRUFH xF  yF DQG zF DUHSURSRUWLRQDO WR xu  yu 
DQGG 
2.2. Specifications of Ordinal Optical Three-axis Tactile Sensor  
)LJXUHVKRZVWKHGHVLJQRIWKHRUGLQDORSWLFDO WKUHHD[LV WDFWLOHVHQVRUZKLFKKDVUHSHDWHGO\DSSHDUHGLQ WKH
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$OWKRXJKLWKDVVRPHGLVDGYDQWDJHVVXFKDVDQLQYLVLEOH]RQHDQGXQDFFHSWDEOHODUJHIRUFHWKDWZHDUHWU\LQJWR
RYHUFRPH WKURXJKQHZ VHQVRUGHVLJQV WKHRUGLQDO RSWLFDO WKUHHD[LV WDFWLOH VHQVRU LV VWLOO XVHGEHFDXVH WKH
QHZGHVLJQVVWLOO UHTXLUH VHYHUDO WHVWVDQG LPSURYHPHQW IRUDSSOLFDWLRQ ,Q WKLV VWXG\ZHXVHG WKHRUGLQDORSWLFDO
WKUHHD[LVWDFWLOHVHQVRUEHFDXVHWKHWDVNRIVKHHWKDQGOLQJGRHVQRWUHTXLUHODUJHIRUFH






,Q RXU ODERUDWRU\ DQ DUWLFXODWHG KDQGDUP URERW LV GHYHORSHG WR DFKLHYH WKH DIRUHPHQWLRQHG LQWHOOLJHQW WDVNV
6LQFHZHXVHGWKHKDQGSDUWRI WKHURERW LQ WKLVVWXG\ LW LVVKRZQLQ)LJ(DFKILQJHUKDV WKUHHPRWRUV0LFUR
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7KH UDWLR RI HOHPHQW ¶V QRUPDO IRUFH YDOXH WR HOHPHQW  ± V¶ PHDQ QRUPDO YDOXH LV REWDLQHG IRU
HYDOXDWLRQRIVKHHWQXPEHUWKHGLIIHUHQFHEHWZHHQPD[LPXPDQGPLQLPXPQRUPRIWDQJHQWLDOFRPSRQHQWVRIIRUFH











,I ZH LQWHQG WR REWDLQ WKH VSULQJ FRQVWDQW ZLWKRXW GLVSODFHPHQW YDOXH ZH FDQ HVWLPDWH KDUGQHVV IURP IRUFH
GLVWULEXWLRQ :KHQ D WKLFNHU VKHHW LV JUDVSHG WKH GLIIHUHQFH EHWZHHQ PD[LPXP DQG PLQLPXP QRUPDO IRUFHV
EHFDPHVVPDOOHUEHFDXVHWKHVKHHWLVQRWVRGHIRUPHGDQGWKLQHUVKHHWYLFHYHUVD%DVHGRQWKLVLGHDZHLQWURGXFH
DQHZSDUDPHWHUIRUHPXODWLRQRIWKHVSULQJFRQVWDQWDVIROORZV
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)LJXUH  VKRZV WKH UHVXOWV RI VKHHW WR VKHHW JUDVSLQJ$V VKRZQ LQ )LJ  DQ LQFUHDVH RI VKHHW QXPEHU












   
   


















4.3. Sliding Two Fingers 
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ZKHUH  tFx DQG  tFy DUHWLPHIXQFWLRQVRIx-DQGyGLUHFWLRQDOIRUFHYHFWRUFRPSRQHQWVDWHOHPHQW
)LJXUHVKRZVWKHGLIIHUHQFHLQSDUDPHWHU R REWDLQHGIURPVKHHWWRVKHHWVXQLWRI R LVSL[HO$VVKRZQ
LQ)LJ R YDOXHLVIRUVKHHWZKLOHLWGHFUHDVHVWRIRUVKHHWVDQGNHHSVDFRQVWDQWYDOXHRIDURXQG
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DIWHU WKDW VWDQGDUGGHYLDWLRQ LV VPDOO HQRXJKDW DJODQFH7KXV WKH UHVXOWRI VKHHW LV FRPSOHWHO\GLIIHUHQW




6LQFH WKH URERW KDV DW OHDVW UHSHDWLELOLW\ RI PP WKLFNQHVV RI RYHU  VKHHWV VHHPV WR EHPHDVXUHG E\ SLQFK






,Q WKLV H[SHULPHQW ZH XVHG \HQ ELOOV DV VSHFLPHQV EHFDXVH WKH\ KDYH SUHFLVH DQG VWDEOH VL]H DQG
PHFKDQLFDO SURSHUWLHV :H LQWURGXFHG WZR SDUDPHWHUV IRU SLQFKLQJ PRWLRQ DQG VOLGLQJ WZR ILQJHUV RQH RI WKH
SDUDPHWHUV LV IRU HYDOXDWLRQ RI VKHHW SOLDELOLW\ WKH RWKHU LV IRU HYDOXDWLRQ RI VOLSSDJH EHWZHHQ WZR VKHHWV
([SHULPHQWDOUHVXOWVVKRZWKDWVKHHWQXPEHUGLVFULPLQDWLRQLVGLIILFXOWIRUSLQFKLQJPRWLRQFDXVLQJQRUPDOIRUFH
+RZHYHULWLVSRVVLEOHWKURXJKVOLGLQJILQJHUVFDXVLQJWDQJHQWLDOIRUFH
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